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ABSTRACT
Recent work has shown that the planets in the Kepler Mission’s population of multi-transiting systems show sur-
prising uniformity in both mass and radius. In this brief note, I show that this intra-system mass uniformity extends
to multiple-planet systems detected with the Doppler velocity technique, thereby avoiding possible biases associated
with masses determined by transit timing. I also show that intra-system mass uniformity breaks down when a system
contains one or more giant planets.
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2The Kepler Mission’s most startling discovery was the realization that ∼ 50% of Solar-type stars are accompanied
by short-period planets with MP . 30M⊕ (Lissauer et al. 2014). These worlds, which often appear in multi-transiting
configurations, are quite ordered, displaying low mutual inclinations, low eccentricities, and low spin-orbital misalign-
ments (Winn & Fabrycky 2015). In aggregate, however, they generate a highly scattered mass-radius relation. (Weiss
& Marcy 2014).
A recent article by Weiss et al. (2017) emphasized that the Kepler multi-transiting systems exhibit a surprising
degree of intra-system uniformity in the planetary radii. Millholland et al. (2017) extended this statistically significant
“peas-in-a-pod” trend to intra-system masses by drawing on the selection of Kepler planets for which transit timing
variations (TTVs) can determine masses. Such “TTV” planets, however, are usually near mean-motion resonance
(e.g., Lithwick et al. 2012), leading naturally to concern over whether a finding that holds for a potentially special
class of planets can be generalized. Indeed, the discrepancy between RV- and TTV-determined masses suggests there
may be potential physical differences that are correlated with proximity to resonance (Steffen 2016; Mills & Mazeh
2017).
The prospects for usefully extending Millholland et al. (2017)’s set of mass determinations are rather dim. A
significant number of additional masses would require many precise Doppler velocity (RV) measurements, which are
impractical for the faint Kepler targets. Several groups, however, have consistently achieved long-term 1 − 3 m s−1
Doppler precision on bright, stable stars (Mayor et al. 2009; Vogt et al. 2010; Howard et al. 2011). The extant catalog
of Doppler-discovered multi-planet systems thus provides us with an independent sample of Kepler -multi analogs to
assess the degree of intra-system mass uniformity among planets that are far from mean-motion resonance.
We draw from https://exoplanetarchive.ipac.caltech.edu/, to establish a sample of the 29 known systems
with at least three Doppler-detected planets. Two-planet systems are omitted because they often display large period
ratios, and may be not co-planar.
The set of systems, ordered by M sin(i)max, is shown in Figure 1, and divides naturally into two groups. In the first,
the maximum planetary mass is below the core rapid gas-accretion threshold of ∼ 30M⊕. These systems resemble
the dominant planetary population in the Kepler census, with a prototypical example being HD 40307 (Mayor et al.
2009). The second class contains gas giants with planetary masses greater than ∼ 100M⊕. A representative member
of this group is 55 Cnc (Fischer et al. 2008).
To quantify whether planets in a given system are preferentially correlated in mass, we define the intra-system mass
dispersion D as
D =
Nsys∑
i=1
√∑Npl
j=1(Mj −M)2
Npl − 1 , (1)
where M = (1/N)
∑Npl
j=1Mj . Figure 1 shows that D, as exhibited by the small-planet systems (vertical blue line) is
a 3.2σ outlier in comparison to a Monte-Carlo control sample (yellow histogram) in which the number of planets in
each system and the total number of systems were conserved, but the planets were randomly shuffled 50,000 times. By
contrast, the frequent co-existence of small planets and gas giants in the second class produces significant intra-system
mass dispersions. For this group, the real systems show no significant departure from random shuffling.
The intra-system mass uniformity that characterizes the Kepler TTV sample thus extends to RV-detected Kepler-
multi analogs, which contain sets of small close-in planets, but which avoid the TTV mass determination bias toward
near-resonances. This result, together with those of Weiss et al. (2017) and Millholland et al. (2017), implies that
planet formation within a given system is a coordinated process. One notes a similarity to the Solar System’s Jovian
satellites the small scale (∼ 0.01 AU) and to the galactic conformity on the large scale (∼ 1 Mpc, Weinmann et al.
2006). The oft-remarked diversity among exoplanets is perhaps better expressed as a diversity among exoplanetary
systems.
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3Figure 1. Left : Architectures of RV-detected planetary systems with at least 3 planets. The aggregate is ordered by the
maximum M sin(i) in the system. The systems are divided into two groups. In the first group, Mmax . 30M⊕. These systems
resemble the population in the Kepler census, and exhibit significant intra-system mass uniformity. The second group has
systems with Mmax & 100M⊕. This group shows considerable intra-system dispersion. Right : Comparisons of the dispersion
metric D between the real systems (vertical blue lines) and the control populations of 50,000 realizations of shuffled systems
(yellow histograms).
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